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Problems in Neutrino Electron Scattering with l-GeV Neutrinos

D, Hywel White. MP-4, LAMPF

Neutrino physicshasoften beenlimited by lack of events. This Iimitwion hasbeen
not somuch for eventsin total, but for eventsin selectedchannels. The basic strategyfor
dealing with this issue has been to build massive detectors in which target and event
detectionhave beencombined. This strategyhasbeenvery successful,but it doescarry the
difficulty that, given a large detector mass, financial limitations apply to the detail with
which eventsmay be detectedandreconstructed.At KAON someof thesedifficulties will
k alleviated by the increasein neuuino flux, which may make theconstructionof smaller
and more specialized detectors feasible. At the Lake Louise workshop a great deal of
interestwasexpressedin neutrinoelectronscattering,we shalldescribeherethe limitations
of the BNL detectorastheyenwrgedin the mcasurcmcntcf sin20Wat BNL. In thiscontext
the knowledgeof the bm was an intrinsicpart of theexperimental systematicerrors,and
we startwith a descriptionof the beam.

The neuuino beam that was usedby the BNL collaboration is describedin a paper
that is reproduced here as an appendix [1]. Protons from the BNL AGS at 28,5 GeV
producedsccond~ particlesin a titaniumtargetabouttwo interactionlengthslong. This is
worthmentioningonly becausethe targetwas sapphireat tie startof theexperiment, which
hasthedesirablehighdensityand low Z After sometime the AGS beganto run idmvc 1 x
10’3 pro~onsper pulse, the target then was reduced to a noxious and highly radioactive
black powder thatdid Iinle for particle production. This beamusedtwo hornsto fcxus the
chargedpanicles, as describedin [1]. TIM cenual momentum was 3 GeV/c and for much
of the experiment the decay region was 50 m long. The magnetic focusing system was
designedto transformthepanicles from m extendedtargetto parallel beamdown tic decay
tunnel The biggestgain of the hom systemcomes fkomincreasingthe momentum spread
for which particlesare containedin thedecayregion. If thebeam is indeedparallel and the
detectoris at theendof theshield, thena simple theoremexistsstatingthat thedecayregion
shouldlx double the shield thkkness for optimum flux at the detector. This is about0,28
of a decay length at 3 GeV/c. Both charged pions and kaons are focused and the
predominant source of VWcame from the (,, + VP) final state in each case, In Fig, I
(Fig. 12 of [1]) is shown the calculated distribution of VM momentum for thc~c two
piuticlcsi In Fig. 2 (Fig. 8 of the samepaper) is shown the sum distribution togetherwith
the measuredspectrum.

This spectrumwasdeducedby mcmring the reaction

VM+n+ p-4p

(or the antincurnnoequivalent),



programhWBEAM, which incorporatesall known branchingmmlcs of K and n and uses a
remormbly economical scheme to transport particles through the beam hardware. The
principal inputdata is then the particle production spectra that were obtained initially from
the atlas of particle production[2]. These particle production data me for thin targetsand
the principal uncertainty in cheactual particle productioncomes from the thick target that
was used. These production data were modified to fit the neurnno spectrum, and it was
then verified that the shape of other spectrawere reproduced, This is discussed further
IX1OW,In our opinion this hadronshowersimulation in the productiontarget isone of the
more vexing issues facing a more precise simulation of this neutrino flux. The
contaminationof oppositehelicity neutrinosis a delicate ctdcuiwion that is a fairly severe
testof the simulation. The combinationof spectrafor both polarities of focusingand the
wrong helicity contamination arc a constrained set of data. Oppmite helicity neurnnos arc
apparent from the sign of the muon in quasi-elastic events so that their spccwum as a
function of energy is also available subjectto the same difficulties as in determining the
majority spectrum. In [1], modified particleprcuktion spccmafor 30 GeV/c arc shown.

To compute the VCin the beam, other brtmchingmodes become important (K +
lro+e+vc, lr-~ - e) m well as production from K~, which decay downstream of the
horn system. At high energy, the neutxinospectrumbecomescontaminatedby v. from K
dmxtyto a much grater extent than at low energies. This limits the energy range of the
recoil electrons for which itmakes sense to usc in the fit. Moreover, the high energy
neutrinospraiuce low-energy recoil electronsfmrn the low endof rhey distributionsothat
a good knowledge of the h!gh-energy end of the spccuum is needed, es~cially after
allowing for weightifig of the crosssectionby neutrinoenergy. h is useful to remember
that the neuuino and antineutrino energy distributions are significantly differcru as a
functionof energy.

At the low-energy end of the spccmm is where the most severe problems arise.
First themuonsat low ncutrinoenergiesarcemittedat large angle, andsotheacceptanceof
the spectrometerdecreasesalor,g wuh the crosssection. Furthermore, the contamination
from charged pions pmduccd in inelastic reactionsrisesriipidly as the energy decreases.
Pionsarc very hard to tell from muonsklow 1 GcV. Pion decay is not much of a hmdlc.
and the range is suchthat few of them interact. The reasonthat data pointsdo not extend
much below 1 GeV is that the pion contamination becomesvery severe. If this were not
enough,Vccontaminationisalsomuting away kause of n - u - c muhiplc decay making
Vain the km. The extentof thisproblemcm & undcrstoal in the low energy limit where
the ratio of Vqto Vk approachesSO%, not 1%, which is the value W!ICIICmuon flux is
maxmud. This concernwith the Iow+ncrgy behaviorof ncutrinoflux hasan cffcccw low
recoil clccmn energies,andeven more so in antincutrinoelectron scaucring. In the BNL
experiment this asymmetry was important. In fnc~,almost any experiment thw will ckum
pr:cision in sin20Wwill use a comparisonof ncuttino to imtincutrino scuucnng in sumc
way.

NKQxiJMsu2K

“~c detectoris ~howr scncmaticullyin Fig, 4 [Fig. 2 of [3]) andon iI larger wale in
l~ig,3 (Fig. I of 13]), The scrond uppcndixis wN/M urticle ~hatwas wtiucn on the BNI.
dcm~vor.The goalof thedetectordr”ign wus10make thedevice usfully active as pssIblc;

.
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Fig. 4. Schcrnwic dmuing of h canpbw B~.B~.~K~bnsylvtia.Smny
8rw&MU* dcwce,

in fact, nearly 90% was achieved. This propcrry will be discussedin more detail below.
The main part of the detector consisted of two components, the calorimeter and the
propmional chift tub. The calorimeter cell consistedof a lucite box 25 cm x 8,9 cm x 4
m. Light was totally internally reflected, and detectedby a pi,ototubcon each end. The
~imeof the energy depositwas measuredto about one nanosecond,and positionalong the
tube was measured to a few cm. The energy resolution of the detector (0.13 / d ECfor
electrons) is dominated by energy deposit in the calorimeter. The position of charged
tracks was determined by the propwtionaldrift tubeswhich recordedtime and pulseheight.
Time was translatedinto positiongod to about I mm, The primary limitation on positron
rcsrJution was the multiple scattering in the calorimeter mwcrial. Angular resolution
[ 16 mr / d E) was of primary interest in the electron scattering experiment, initi~ily to
produce good signal to background in the forward peak. Evcntunlly, the shape of Ihc
angular distribution Ixmmc importantinmcasingthe interestin theangularrc:ulution.

The energy and an@r resolutionswere close to that cxpccfcdbccauw they were
dominatedhy the physicalpropc~icsof thedetectormore tlwn thedetailed pcflommcc of
wme of the individual elements. One propcfiy that dependedon thedctuilcd pcrfomwm.c
WJSphtmm m electron separation. Phomnsessentially convert w electron puirs w these
wwrglcs(2(X)-2I(IO McV) w theenergydcposimdin thecal~timctcrs(dWdx) undin ~hcgas



of the PDTs was typically twice that for
electrons and gave separation between
electrons and photons which was very
important, The d.E/dx rejection is shownin
Fig. 5 (Fig. 18 of [3]). However this
technique became less powerful below 200
McV in the region where photon
contamination was strongest. Typically
neutralcumentreactionslike

vP+n+vw+7t0+n

give two gamma rays one of which is lost
in the detector. Although losing a photon is
relatively rare, the cross section above is
about one thousandtimes that of ncutrino
electron scattering. The free space
represented by the gas of the PDTs is a
definite problem; in fact. this is only partof
the problem that the lateral density for
particle detection for both photon and
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Fig. 5. A salter plotof the energy deposited in
the first scinnlltuor cell past the vertex cell
((dE/dx)SCIN) vs a tmntcd mean of the energy
dqmsits in the sscond and third PDT planes past
thevertexcell((dEid.x)p~)for testbeam electron.
Events valling in the box in the upper right corner
wcmldinihlly b mognized as ptwtons.

neuuon is too low. A sample of photonswas obtained by Imking for evidence of other
activity upstream in the detector in time with the photon and this was vety effective in
establishingthe shapeof the singlephotonspectrutn

h is our convictionthat theuseof the ratio of neutrinoto antineuuinocrosssections
measuredseparatelyto measuresin%Wcannotbe pushedto the level below 1% precision.
Many systematiccmorscornc in, and even thoughthe performanceof the detector can be
improved by making it less dense, and making it fully sensitive there seems to be hard
limits before thesub 1% regime is accessible. A possibility in our opinion is to concentrate
on thedifference in the angulardistilnttions for neutrinoandantineurnnoscatteringas wns
done in the BNL expiment [4J.

In any case, the understandingof the beam and the detectorperformance must be
udequate to resolve components of the background which varies little in angular
distribution. In the BNL experiment it had threedistinct components,which ended up in
comparable quantities in the data. Elccmns arc identified by removing all of the clear
tracks and those that are left are electron candidates;a typical electron event is shown in
Fig, 6 (Fig. 17of [3]), Photonsare eliminated by thedE/dx cut setsothnt90% of electrons
are retained, but somesingle photonsremain in the sample, Pionsoccasionally interact in
the upstream part of the event and Imk badly enough so us to be retained as electrons,
Finally v@induced quasi-elastic events ut low Q2 belong in the datu set and huve the
unfomtnwe property that at smidl Q2 Pauli suppressionmakes the crosssectiondiminish,
A straight cxtrapolittion will give an emor on the extraction of the neutrino electron
wxtuenngsignal, The quasi-elasticcrosssectionat zero Q2 is the same for neutrinosand
antineutnnos, but everything else is different, The final statement is that itchicving
preosmn in ncutrino electron scwtcrin~ is difficult; events w not enough, Wc cmtnscl
curefuluttcntnmto many of theseMtils befcrewnmit~in~ tow panicularapprmtch,
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Fig, 6, A side view of a typical ●lecuomsgnelic
shower m the detector. The large rectangles
representscimdlsmr Ma ~ h smalkr =mngbs
PDT cells hit. Approximately five modules
compriseone mdintkm Ienglh.
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